Holstein steers (164 kg) were used in a 70-d growing-finishing trial. Treatments were 1) basal diet (85% concentrate); 2) basal diet plus 1.5% blood meal (BM); 3) basal diet plus 3.0% BM and 4) basal diet plus 4.5% BM. Dietary crude protein levels were 12.5, 13.7, 14.8 and 15.9% for Treatments 1 through 4, respectively. Energy intake was restricted to allow for a daily weight gain of 1.43 kg. There were no treatment effects on animal performance. The influence of protein supplementation on characteristics of ruminal and total tract digestion was evaluated in a crossover design experiment involving six ruminally and intestinally cannulated steers (191 kg). Treatments consisted of Diets 1 and 4 of the feeding trial, with chromic oxide added as a digesta marker. There were no treatment effects on ruminal or total tract digestion of organic matter. Blood meal supplementation increased (P < .01) non-NH3-N passage to the small intestine by 27.3% and N disappearance posterior to the abomasum by 32.5%. Ruminal escape of BM was 83.2%. Extrapolating to the level of intakes achieved in the performance trial, intestinal supplies of non-NHz-N, arginine, histidine, isoleucine, leucine, lysine, methionine, phenylalanine, threonine and valine for steers consuming Treatment 1 were 119. 5, 42.6, 14.7, 28.5, 49.8, 38.7, 14.1, 27.0, 28.5 
I ntroduction
Many Holstein calves are shipped to Southwestern feedlots at 120 to 130 d of age and with an average purchase weight of 120 kg. From the time of arrival, calves are maintained on a high-energy (85 to 90% concentrate) diet. The growing-finishing period lasts approximately 280 d, and cattle are sent to slaughter with an average final weight of 500 kg. Very little research has been done to evaluate the protein requirements of the Holstein calf under these conditions. Most studies have involved younger calves between the ages of 56 to 126 d (Gardner, 1968; Traub and Kesler, 1972; Schurman and z Anita. Sci. Dept. Received November 12, 1987 . Accepted February 1, 1988 . Kesler, 1975 Veira et al., 1980; Griffiths, 1983) . My objective was to evaluate the crude protein and amino acid requirements of Holstein calves during the early growing period (within the weight range of 163 to 267 kg), a time when protein supplementation is likely to be more critical. Because the response to protein supplementation in terms of body weight gain frequently has been confounded with changes in feed intake (Egan and Molt, 1964; Thomas et al., 1976; Neville et al., 1977; Perry et al., 1983) , energy intake was controlled to limit daily gain to 1.43 kg.
Materials and Methods
Trial 1. Following a 35-d backgrounding period, 144 Holstein calves (164 kg) were blocked by weight and randomly assigned to 24 pens (six steers/pen). Pens were equipped with automatic waterers and fence-line feed bunks.
Treatments consisted of an 85% concentrate diet supplemented with 0, 1.5, 3.0 or 4.5% blood meal to provide dietary crude protein levels of 12.5, 13.7, 14.8 and 16 .0% (dry matter basis). Blood meal was selected as the source of supplemental protein because of its comparatively high concentration of protein that is resistant to ruminal degradation (Loerch et al., 1983) . This enabled manipulation of the crude protein content of the diets while otherwise minimizing differences in diet composition.
Urea was added to all diets. Diet formulation is shown in Table 1 . The measured crude protein contents determined by the Kjeldahl method (AOAC, 1975) were 12.5, 14.3, 15.3 and 16 .1% (dry matter basis), respectively, for Diets 1 through 4. Diets were prepared at weekly intervals and stored in plywood boxes located in front of each pen. Feed intake was controlled to restrict daily weight gain to 1.43 kg. This was accomplished by calculating daily feed intake according to the following equation: F = ((((.05272 * g) + (.0068 * g2)) , w.TS)/NG) + ((.084 * w'7S)/NM) where F is daily feed intake (kg), g is daily weight gain (kg), W is body weight (kg) and NM and NG are net energy contents of the diet (Mcal/kg) for maintanenace and gain, respectively (derived from Lofgreen and Garrett, 1968) . Diet net energy values shown in Table 1 were used in projecting feed allotments. Feeding schedules were updated on a weekly basis. Steers were fed twice daily. Estimates of steer performance were based on pen means. Steers were weighed on two consecutive days at the initiation and completion of the trial. In determining steer performance, weights were reduced by 4% to subtract an estimate of fill. (Garrett, 1971) . From the derived estimates for energy required for maintenance and gain, the net energy for maintenance (NEm) and gain (NEg) values of the two diets can be obtained by the process of iteration to fit the relationship:
(derived from NRC, 1984) . The trial was analyzed as a randomized complete block design (Cochran and Cox, 1950) .
Trial 2. Six crossbred steer calves (191 kg) with cannulas in the tureen and proximal duodenum (approximately 6 cm from the pyloric sphincter) were used in a crossover design to study the influence of protein supplementation or characteristics of digestion. Two dietary treatments, Diets 1 and 4 of Trial 1 (Table 1) , with .15% chromic oxide added as a digesta marker, were compared. Two calves were assigned to each of three intake groups consisting of 2,897, 3,628 and 4,338 g dry matter/d. Calves were maintained in individual pens with access to water at all times. Diets were fed at 0800 and 2000 daffy. Experimental periods lasted 2 wk, with 10 d of diet adjustment and 4 d of collection. During collection, duodenal and fecal samples were taken twice daffy as follows: d 1, 0750 and 1350; d 2, 0900 and 1500; d 3, 1050 and 1650 and d 4, 1200 and 1800. Upon completion of the trial, approximately 500 ml of ruminal fluid were obtained from each steer and composited across diets; bacteria were isolated via differential centrifugation (Bergen et al., 1968) .
Feed, microbial, duodenal and fecal samples were subjected to all or part of the following analyses: dry matter, oven drying at 65~ ; ash, Kjeldahl-N, NH3-N (AOAC, 1975) ; purines (Zinn and Owens, 1986) ; chromic oxide (Hill and Anderson, 1958) and amino acids (Gehrke et al., 1971) . Duodenal microbial flow was based on the purine:N ratio of the bacterial isolate and the purine concentration of duodenal chyme (Zinn and Owens, 1986) . Organic matter fermented in the rurnen (OMF) was considered to be equal to organic matter (OM) intake minus the difference between the amount of OM reaching the duodenum and microbial OM. Feed N escaping ruminal degradation was considered to equal total N leaving the abomasum minus NH 3 and microbial N and, thus, includes endogenous contributions. Ruminal escape of blood meal N was calculated as the difference in abomasal passage of feed plus endogenous N between the blood meal-supplemented and basal diets.
The trial was analyzed as a crossover design (Cochran and Cox, 1950) according to the following statistical model: Yij) = u + Ti + Aj + Eij , is the response variable, T i is the treatment effect, Aj is the animal effect and Eij is the residual error. The animal and level of intake effects were confounded in this model.
Small intestinal supplies (SIS) on non-NH3-N, microbial N, feed plus endogenous N and the amino acids arginine, histidine, isoleucine, leucine, lysine, methionine, phenylalanine, threonine and valine for steers in Trial 1 were estimated by regression of these various components of interest against dry matter intake for basal and blood meal-supplemented diets (Treatments 1 and 4, Table 1 ) and extrapolation on the average dry matter intake observed for Trial 1. The regression coefficient (R 2) for all equations used in the predictions exceeded .87, with the exception of arginine, which was .62 for Treatment 1 and .84 for Treatment 4. For treatments 2 and 3, SIS might be estimated by extrapolation between values for Diets 1 and 4.
Results and Discussion
The influence of protein supplementation on feedlot performance of Holstein steers (Trial 1) is summarized in Table 2 . The factorial estimate (NRC, 1984) of the crude protein requirement of steers under the conditions of this trial was 797 g/d (14.4% of diet dry matter), or approximately in the middle of the range of protein (Lofgreen and Garrett, 1968) , whereas the observed gain was based on live weight shrunk by 4%. Close agreement between the predicted and observed gains lends support to the general applicability of the net energy equation of Lofgreen and Garrett (1968) , in combination with tabular net energy values of the respective diets (NRC, 1984) , for predicting weight gain of Holstein steers. Direct comparison of the results of Trial 1 with those of other performance studies is complicated by differences in initial and final weights and rates of body weight gain. Gardner (1968) observed that Holstein calves with an average weight of 137 kg and a daily weight gain of 1.12 kg did not respond to addition of protein (742 vs 655 g/d) to an 80% concentrate diet. Traub and Kesler (1972) (Veira et al., 1980; Griffiths, 1984) were in reasonably close agreement. Their estimated crude protein requirements (CPR, g/d) could be fitted (R 2 = .864) by the following equation:
where G is weight gain (kg/d) and W is live weight (kg). Generalizing from this equation, it can be estimated that the crude protein requirements of the Holstein calves in studies of Gardner (1968) and Traub and Kesler (1972) would have been 570 and 522 g/d, respectively, consistent with their conclusions that protein intakes exceeded requirements. However, this same equation predicts a protein requirement for calves in my trial of 913 g/d, an excess of more than 32%. Such an overestimate mighvbe anticipated, because protein gain would not be expected to increase linearly with weight gain independent of live weight. An alternative approach is to express CPR on the basis of protein gain. Protein content of gain can be estimated from weight gain and energy gain as follows: PG = G (268-29.4 ((.005272G+ .00684G 2 ) W" 7s )
where PG is protein gain in g/d (Lofgreen and Garrett, NRC, 1984) . Regressing protein intake on estimates of protein gain and live weight from studies of Veira et al. (1980) and Griffiths (1983) , one obtains the following equation: CPR = --503 + 3.33PG + 2.56W (R 2 = .849). Using this equation, one can estimate that the crude protein requirements of Holstein calves in studies of Gardner (1968) and Traub and Kesler (1972) were 565 and 533 g/d (very similar to that obtained using the previous equation based on weight gain and live weight). This equation predicts a protein requirement of 831 g/d for steers in the present trial, still a considerable overestimate (> 27%).
The influence of protein supplementation on characteristics of ruminal and total tract digestion of OM and N components is summarized in Table 3 . Protein supplementation did not influence ruminal or total tract digestibility of OM (P > .20). Adding 4.31% blood meal to the basal diet resulted in a 27.3% increase (P < .01) in non-NH3-N flow to the small intestine. There also was a tendency (P < .10) for greater microbial N passage from the lumen with blood meal supplementation, although microbial efficiency was similar for both diets, averaging 24.8 g/kg OM fermented. Ruminal escape of supplemental blood meal was 83.2%, consistent with the ruminal escape value of 81.7% reported by bMeans differ, P < .10.
CMeans differ, P < .01.
dDuodenal non-NH a -N minus microbial N.
eMicrobial N, g/kg organic matter fermented.
fDuodenal non-NH~ -N/N intake.
gMeans differ, P < .05. Loerch et al. (1983) . Fecal N excretion was greater (P < .05) with blood meal supplementation; however, apparent N digestion was not changed (P > .20). Much of the variation in apparent total tract crude protein digestion (ADP, %) can be explained by differences in crude protein concentration of the diet (FP, %) according to the equation ADP = --3.5 + .91 FP (Zinn and Owens, 1983) . The ratio of predicted to observed ADP was 11.7% lower (P < .05) for the basal diet than for the blood meal-supplemented diet (.878 vs .994; SD = .061). This lower ratio suggests that total tract N disappearance for the basal diet was greater than anticipated. Total N disappearance posterior to the abomasum was increased by 32.5% (P < .01) with blood meal protein supplementation (60.7 vs 45.8 g/d; SD = 4.11).
The influence of blood meal supplementation on passage of essential amino acids to the small intestine is summarized in Table 4 . Blood meal supplementation increased (P < .05) the passage of histidine, isoleucine, leucine, lysine, methionine, phenylalanine, threonine and valine to the small intestine by 75.9, 10.1, 44.3, 44.9, 22.7, 45.5, 50 .0 and 43.0%, respectively. Essential amino acid supplied to the small intestine least affected by blood meal supplementation were arginine, isoleucine and methionine.
Based on results of Trial 2, supplies of N components to the small intestine of steers in Trial 1 were estimated (Table 5) . Projected crude protein (non-NH3-N • 6.25) flow to the small intestine ranged from 747 to 962 g/d. Protein flow to the small intestine as a percentage of intake averaged 107%, consistent with a general assumption of the NRC (1984) factorial equation that the efficiency of conversion of dietary protein to protein leaving the rumen is 100%. Hence, the limitation of the crude protein system is not in the estimate of protein supply, but rather in the estimate of protein (amino acid) requirements. More attention needs to be paid to the assessment of metabolic fecal N (MFN), which constitutes a major loss of N to the animal. Considerable controversy has arisen over the method of MFN determination (Swanson, 1982) . Metabolic fecal N generally is estimated as the intercept obtained by regressing apparently digestible N against N intake. Thus, in addition to endogenous secretions and debris, MFN includes varying proportions of undigested microbial N constituents. Estimates of MFN obtained in this manner fall within a surprisingly narrow range of 5 to 5.6 g/kg dry matter intake (Holter and Reid, 1959; Knight and Harris, 1966; Zinn and Owens, 1983) . The estimate used in the NRC (1984) factorial equation for estimating protein requirements is 5.35 g/kg dry matter intake. In contrast to values obtained for ruminating cattle, estimates of MFN for milk-fed calves are much lower (1.91 g/kg dry matter; Roy et al., 1964) . Much of the difference between estimates of MFN for ruminants and preruminants appears to be related to ruminal microbial synthesis. Zinn and Owens (1986) estimated MFN in two trials involving steers fed semipurified diets. Assuming that urea has a true digestibility of 100%, MFN for steers in those two trials averaged 5.1 g/kg dry matter intake, consistent with estimates obtained in previously reported studies involving cattle fed natural diets. However, correcting for ruminal microbial protein synthesis by regressing tungstic acid-precipitable N leaving the abomasum on fecal N excretion, the estimate for MFN was 2.2 g/kg dry matter intake, in good agreement with estimates obtained with preruminant calves. Substituting this latter value into the NRC (1984) factorial equation reduces the estimated protein requirement for steers in Trial 1 to 614 g/d, consistent with the observation that protein intakes for all diets were in excess of steer requirements (Table 2) .
Little is known about the amino acid requirements of Holsteins. Although methionine has been suggested as the amino acid most likely to be limiting (Scott et al., 1972; Fenderson and Bergen, 1975; Richardson and Hatfield, 1978) , differences in experimental techniques, animal weights and level of performance have made comparisons among studies difficult. Hutton and Annison (1972) estimated that the methionine requirement of 200-kg Holstein steers gaining 1 kg/d was 12.9 g/d. Their estimate was based on a factorially derived tissue requirement for the growing steer coupled with a utilization factor obtained from pigs. Williams and Smith (1974) , using plasma amino acid response curves as the response criterion, determined that Holstein calves weighing 135 kg and gaining .4 kg/d required 9.8 g methionine/d. In a subsequent study, Williams and Smith (1975) bMeans differ, P < .01.
CMeans differ, P < .10.
dMeans differ, P < .05.
described previously) for these five studies produced the following equation: METR = 1.956 + .0292PG + .0290W
(R 2 --.92). Considering the differences in methodology, uncertainties regarding postruminal amino acid availabilities, weighing conditions and the relatively short experimental periods from which weight gain estimates were obtained, this data fit is very good. The highest gain observed in the five studies used in generating the prediction equation was 1 kg/d. Extrapolating to the level of performance observed for steers in Trial 1 (1.48 kg/d), the estimated requirement for methionine would be 15.0 g/d.
Comparing this estimate with intestinal methionine supplies shown in Table 5 , it appears that passage of methionine to the small intestine should have been marginally adequate for steers receiving Treatment 1.
In conclusion, a dietary crude protein intake of 695 g/d was adequate to meet the amino acid requirements of Holstein calves gaining (Egan and Moir, 1963 ; Thomas et al., 1976 ; Neville et al., 1977; Perry et al., 1983) and thereby to increased performance, higher levels of supplementation may prove beneficial under ad libitum feeding conditions. This indicates that added protein at low protein intakes is beneficial to increase amino acid status, whereas at higher protein intakes effects may be independent of amino acid status.
